Salt fog ageing tests are widely conducted for evaluating anti-tracking/anti-erosion performance of housing materials for outdoor polymer insulators. A detailed test method, however, is not yet standardized and round robin tests have been conducted for standardization all over the world. Here we have investigated the effect of fog conditions on the deterioration of silicone rubber under two different salt fog conditions generated by an ultrasonic humidifier and an IEC nozzle. In spite of the same injection rate and the same salinity, comparable results from the viewpoints of leakage/discharge currents and the degree of surface deterioration could not be obtained between the two salt fog conditions generated by the ultrasonic humidifier and the IEC nozzle. Almost comparable test results, however, were obtained under the two salt fog conditions generated by the ultrasonic humidifier and the IEC nozzle after controlling the salt fog particle size distribution.
Introduction
Artificial salt fog ageing tests are widely conducted for evaluating anti-tracking and/or anti-erosion performance of housing materials for polymer insulators (1) . Detailed test methods, however, are not yet standardized and round robin tests have been conducted all over the world for standardization (2) . Salt fog conditions may have significant influence on the deterioration of polymer insulator surface according to the salt fog ageing test. The salinity and injection rate are only specified for salt fog conditions in the specification for this round robin test. Ultrasonic (US) humidifier and IEC nozzle for salt fog contamination tests are most commonly used for salt fog generation (3) - (6) . However, the effect and/or the equivalence of fog conditions by these two methods on deterioration of silicone rubbers for outdoor polymer insulators are not fully investigated.
In order to establish a standard test method for the salt fog ageing test, we have conducted a series of salt fog ageing tests under fog conditions using an ultrasonic humidifier and an IEC nozzle (7) . This paper presents the results of an investigation concerning the effect of salt fog conditions using different salt fog generation methods on the deterioration of silicone rubber for outdoor polymer insulators.
Specimens and Test Methods
There are three kinds of rod type specimens shown in Table 1. One made of Room Temperature Vulcanized Silicone Rubber (RTV SiR) without Alumina Trihydrate (ATH), two made of High Temperature Vulcanized Silicone Rubber (HTV SiR) with ATH 50 pph and without ATH. These were used in this investigation. Tests were conducted cyclically by injecting salt fog for 8 hours and stopping it for 16 hours every day under AC 15 kV according to the conditions shown in Table 2 , and the arrangement shown in Fig. 1 .
Salt fog was generated either by using an ultrasonic humidifier or an IEC nozzle with air pressure of 3 kgf/cm 2 for the first test series and 7 kgf/cm 2 for the second test series. Leakage currents were continuously measured on individual specimens and cumulative charges were calculated and classified into conductive and dry band arc current components based on the time lag between current and voltage for each half cycle (3) . 
Results from the 1st Test Series
The first series of salt fog ageing tests were conducted under the fog conditions by either using an ultrasonic humidifier or by an IEC nozzle with air pressure of 3 kgf/cm 2 .
Visual Observation
After 50 test cycles, visual observation was conducted to confirm any significant deterioration of the specimens surface. Tracking was observed on the RTV SiR rod surface only under the salt fog conditions using an ultrasonic humidifier as shown in Fig. 2 .
Hydrophobicity
Hydrophobicity measurement results on the specimen's surface after 50 test cycles, evaluated by STRI criteria, are shown in Fig. 3 . Reduction of hydrophobicity on the specimens tested under the fog conditions using an ultrasonic humidifier can be seen, while no discernible reduction can be observed on the specimens tested under the fog conditions using the IEC nozzle.
Cumulative Charge
Leakage currents were measured continuously on all the specimens. The time variations of the cumulative charge are summarized in Table 3 . Much smaller amounts of cumulative charges were measured on all the specimens tested under the salt fog conditions using an IEC nozzle compared with the specimens tested using an ultrasonic humidifier.
Surface Analysis by EDX
Surface analysis results using an Energy Dispersive X-ray (EDX) after 50 test cycles are shown in Table 4 . Local discharges along the specimen surface may have caused cut of side chain connection Si-CH 3 and the side chain connection may have changed into Si-OH. Then, the quantity of carbon must have decreased Table 3 . Cumulative charge measurement results and the oxygen increased. The ratio of C/Si indicates the ageing degree of silicone rubber (8) . Larger reduction in carbon and an increase in oxygen were observed on the specimens under the salt fog conditions using an ultrasonic humidifier, compared with the specimens tested under the fog conditions using an IEC nozzle.
Surface Analysis by ATR-FTIR
Surface analysis results from the Attenuated Total Reflection Fourier Transform Infrared Spectroscopy (ATR-FTIR) are shown in Table 5 . A larger reduction of Si-CH 3 bonds can be seen on the specimens tested by an ultrasonic humidifier compared to the IEC nozzle. 
Salt Fog Particle Size Distribution
Significant differences in the first series test results were obtained between the two salt fog conditions using an ultrasonic humidifier and an IEC nozzle with air pressure of 3 kgf/cm 2 . In order to investigate the effect of salt fog conditions on deterioration, salt fog particle size distribution was measured in the test chamber after one hour of fog injection using an IEC nozzle with varied air pressures from 3 to 7 kgf/cm 2 in accordance with the method proposed by Maruyama and Hama (9) . The results were compared with those for the ultrasonic humidifier. The average diameter of the salt fog particle size generated by the IEC nozzle was reduced with an increase in the air pressure as shown in Fig. 4 . Although larger and scattered particle size distribution was measured under the salt fog using the IEC nozzle with the air pressure of 3 kgf/cm 2 , almost the same particle size distribution could be obtained by the air pressure of 7 kgf/cm 2 compared with that of the ultrasonic humidifier as shown in Fig. 5 .
Results from the 2nd Test Series
In order to investigate the effect of salt fog particle size on the deterioration of housing material for polymer insulator, the second series of salt fog ageing tests were conducted under the fog conditions using an IEC nozzle with the air pressure of 7 kgf/cm 2 . Also, the test results were compared with those of the ultrasonic humidifier.
Visual Observation
After 50 test cycles, trackings were observed on the RTV SiR rod surfaces tested using two salt fog generation methods, not only the ultrasonic humidifier, but also using an IEC nozzle, as shown in Fig. 6 . It is confirmed that similar surface deterioration can be obtained Table 6 . SDD after 50 test cycles even under the salt fog conditions using the IEC nozzle compared with the ultrasonic humidifier if salt fog particle size distribution is controlled in the same pattern.
Degree of Contamination
After 50 test cycles, salt deposit density (SDD) was measured on the specimen surfaces and the results are shown in Table 6 . Although large variations are seen in the results, comparable SDD values were measured as a whole on the specimens between the two fog generation conditions using the ultrasonic humidifier and the IEC nozzle.
Hydrophobicity
The hydrophobicity measurement results on the specimen surface after 50 test cycles, evaluated by STRI criteria, are shown in Fig. 7 . Comparable Fig. 7 . Hydrophobicity measurement results by STRI criteria Table 7 . Cumulative charge measurement results or a severer reduction in hydrophobicity can be seen now on the specimens tested by the IEC nozzle in comparison with the specimens tested by the ultrasonic humidifier. In contrast with this, however, no reduction can be seen on the specimens tested using the IEC nozzle with the air pressure of 3 kgf/cm 2 as already shown in Fig. 3 .
Cumulative Charge
Leakage currents were measured continuously on all the specimens and time variation measurement results of the cumulative charge are summarized in Table 7 . A much smaller amount of cumulative charges had been measured on all the specimens under the salt fog conditions using the IEC nozzle with the air pressure of 3 kgf/cm 2 compared to the ultrasonic humidifier as shown in Table 3 . In contrast with this, however, as shown in Table 7 , comparable results were obtained as a whole between the two salt fog conditions using the ultrasonic humidifier as well as the IEC nozzle when the air pressure was increased to 7 kgf/cm 2 , in spite of the large variations observed in the magnitude among the various specimens. The salt fog conditions may now be almost comparable between the two salt fog generation methods from the view points of the leakage current and partial discharge conditions.
SEM Observation
Enlarged surfaces using a Scanning Electron Microscope (SEM) are shown in Table 8 . Any discernible differences in the surface morphology after Table 8 . Enlarged surface by SEM (X200) Table 9 . Surface analysis results by EDX 50 test cycles on each type of specimens using the two methods, were not observed. However, more porous structures were observed on both of the tracked RTV SiR rods.
5.6 Surface Analysis using EDX As already shown in Table 4 , significant differences in the quantity of carbon and oxygen were observed on the specimens using the two salt fog conditions. In contrast with this, when the air pressure was increased to 7 kgf/cm 2 for the IEC nozzle, however, no significant differences in the quantity of carbon or oxygen were observed between the two as shown in Table 9 .
5.7 Surface Analysis using ATR-FFTIR Surface analysis results using ATR-FTIR are shown in Table 10 . No significant differences in the ratio of absorption of Si-CH 3 Effect of Fog Conditions on Ageing Deterioration Table 10 . ATR-FTIR Analysis results bonds at 1270 cm −1 to that of Si-O bonds at 1020 cm −1 are observed between the two salt fog generation methods. Such results confirm that the surface deterioration conditions must be comparable under the two salt fog conditions generated by both the ultrasonic humidifier and the IEC nozzle with the air pressure 7 kgf/cm 2 .
Summary and Conclusions
In order to establish a standard test method for the salt fog ageing test, we have conducted a series of salt fog ageing tests under the fog conditions created by an ultrasonic humidifier and an IEC nozzle.
Firstly, we had conducted salt fog ageing tests under the fog conditions by the ultrasonic humidifier and the IEC nozzle with the air pressure 3 kgf/cm 2 . Different results were obtained between these two fog generation methods. Larger leakage currents and cumulative charges were measured on all the specimens under the salt fog generated by the ultrasonic humidifier compared with that of the IEC nozzle. Tracking was observed on the Room Temperature Vulcanized Silicone Rubber (RTV SiR) specimen only under the salt fog generated by an ultrasonic humidifier, but no significant deterioration by the IEC nozzle.
In spite of the same salinity and the same injection rate, it was not known why only the specimen tested using the ultrasonic humidifier deteriorated. Salt fog particle size may differ between these two methods and it may have a discernible influence on the surface deterioration. Salt fog particle size distribution was measured in the test chamber after one hour of fog injection using an IEC nozzle with varied air pressures from 3 to 7 kgf/cm 2 and then was compared with the results from the ultrasonic humidifier. Larger and scattered particle size distribution was measured using the IEC nozzle with the air pressure 3 kgf/cm 2 . Almost the same particle size distribution with the ultrasonic humidifier could be obtained with the air pressure 7 kgf/cm 2 . The next step was to conduct salt fog ageing tests using the IEC nozzle with the air pressure 7 kgf/cm 2 and results were compared with those by ultrasonic humidifier. Now, comparable test results were obtained.
Conclusions from this investigation are as follows; ( 1 ) We could get near comparable test results from the view points of leakage and/or discharge currents and surface deterioration, between the two different salt fog generation methods, after controlling the salt fog particle size distribution.
( 2 ) In order to get consistent results from the salt fog ageing test for evaluating anti-tracking or anti-erosion performance of housing materials for outdoor polymer insulators, salinity, input rate, and particle size distribution of the salt fog should be specified. 
